The aerial parts and roots of Betonica officinalis were collected from three localities characterized by different ecological conditions to study the natural variability of the chemical composition of the essential oils in this plant. The leaves and inflorescences were collected during the flowering time, whereas the roots were collected at the end of the vegetative period. The plant material was dried at room temperature. The essential oils were obtained by micro-steam hydrodistillation and analyzed using gas chromatography (GC) and gas chromatography-mass spectrometry (GC-MS). Overall, 69 constituents were identified in all localities and plant parts. The main compositions of the leaves in all localities were -pinene, 1-octen-3-ol, β-bourbonene, (E)-caryophyllene and germacrene D. The essential oil of the inflorescences was characterized by these main constituents: -pinene, (E)-caryophyllene and trans-β-farnesene. In all localities, the percentages of -pinene and (E)-caryophyllene were higher in the inflorescences than in the leaves, whereas nonane was the main constituent in the roots.
Betonica officinalis L., Lamiaceae, (syn. Stachys officinalis) is a perennial herbaceous plant that is widespread in Kosovo on mountain meadows, pastures, shrubbery and in moist places. This aromatic plant produces essential oil with a yellowish color. Species of the genus Betonica and the closely related genus Stachys have been used in traditional folk medicine for a long time as anti-tumour, anti-inflammatory and cough relaxant agents [1] . In phytotherapy the whole plant or leafs was used to prepared tea due to its sedative, antispasmodic and diuretic properties [2] . Several previous investigations of the chemical composition of B. officinalis have reported the presence of phenolic compounds, flavonoids, glycosides, and essential oils [3, 4, [6] [7] [8] [9] [10] . Only few articles reported about the antioxidant activity [4, 5, 10] , and antibacterial activity [11] of B. officinalis.
The aim of this work was to analyze the chemical composition of essential oils from B. officinalis and to evaluate the natural variation of the essential oils between plant organs collected from three different wild populations that were grown in localities characterized by different environmental conditions. The percentage of essential oils differed depending on the localities and organs, ranging from 0.001% to 0.091% based on dry weight ( Table 1 ). The highest yield of essential oils was found in flowers as opposed to leaves, except in the Gazimestan locality where the content of essential oils in leaves (0.06%) was higher than in the flowers (0.05%). The yield of the essential oil in the flowers from Duhle was 0.09% and from Mushtisht was 0.08%. In both localities, the content of essential oils was lower in the leaves than in flowers (0.07% and 0.05%, respectively). The lowest content of essential oils was found in the roots, but this content differed between the localities. The content of essential oil in the roots ranged from 0.001% to 0.005% based on dry weight (Table 1) . Table 1 shows the qualitative and quantitative compositions of the essential oils obtained from the flowers, leaves and roots of different wild populations of B. officinalis. The analyses of the essential oils led to the identification of 69 constituents in total. The actual number of identified constituents in the leaves, inflorescences and roots of B. officinalis differed between localities ( Table 1 ). The number of constituents in the leaves was generally higher than in the flowers, except in Mushtisht (Table 1) . In all localities, the number of constituents in the roots was lower than that in the leaves and in the flowers ( Table 1 ).
The main constituents of essential oils in the leaves from all localities were α-pinene, 1-octen-3-ol, β-bourbonene, (E)-caryophllene germacrene D and trans-β-farnesene ( Table 1 ). In all localities, the percentages of α-pinene and (E)-caryophyllene were higher in the inflorescences than in the leaves ( Table 1 ). The main constituent in the roots was nonane in all plant populations. The concentrations of these constituents differed among populations collected in Kosovo and in other counties too. Germacrene D and (E)-caryophyllene were the main constituents of essential oils of B. officinalis collected in Croatia [4] , whereas isocaryophyllene and (E)-caryophyllene were the dominating constituents of the essential oil from populations of B. officinalis collected in Montenegro [7] . Germacrene D was the main constituent from populations collected in Serbia [12] , whereas the cultivated population of B. officinalis in Hungary was dominated by β-bourbonene [10] .
To determine if differences exist between the localities (Mushtisht, Gazimestan and Duhle), a Canonic Discriminant analysis was performed. The localities were used as grouping variables, whereas constituents of essential oils were used as independent variables.
The discriminant functions appeared to have a good classification with 88% accuracy of original cases correctly classified and 78% of cases using the cross validation procedure.
Canonical discriminant analysis (Figure 1 ) confirmed the separation of the samples in three groups. Thus, the chemical composition of the population collected in the Mushtisht location appear to be the most differentiated population compared to the two other, because of highest altitude above sea level.
Experimental
Plant material: For this study, leaves, flowers and roots of Betonica officinalis were collected from three different localities. The first locality was a location in Malet e Sharrit national park (Mushtisht 42°16'48,43 N, 22°52'26,20 E elevation: 1084 m), the second was a location near a main road (Duhle 42°25'12,80 N, 20°53'34,44 E, elevation 844 m) and the third was located close to a power plant (Gazimestan 42°04'16,11 N, 21°07'47,77 E, elevation 590 m). The leaves and flowers were collected in full flowering stage whereas the roots were collected at the end of the vegetative period. All plants were collected from wild populations. Fifteen plants per locality were collected. The plant material was airdried at room temperature in the dark.
